Optimizing Flexural Strength of Concrete Fc’ 14,5 MPa Using Acetylene Welding Carbide Waste by Damara, Bobby & Hartantyo, Sugeng Dwi
Ukarst : Universitas Kadiri Riset Teknik Sipil                                                                       ISSN (Online)  2581-0855 
Volume 5 Number 2 (2021)   ISSN (Print)    2579-4620 
Optimizing Flexural Strength of Concrete Fc’ 14,5 MPa Using Acetylene Welding Carbide Waste 
http://dx.doi.org/10.30737/ukarst.v3i2  
© 2021 Ukarst : Universitas Kadiri Riset Teknik Sipil. All rights reserved. 
7 
 
Judul Artikel [Book Antiqua, 14 pt, Bold] 
 
 
Optimizing Flexural Strength of Concrete Fc’ 14,5 MPa Using Acetylene 
Welding Carbide Waste 
 
B. Damara1 *, S. D. Hartantyo2 
1*,2 Faculty of Engineering, Lamongan Islamic University. 
Email: 1 * bobbydamara@unisla.ac.id  
 
A R T I C L E  I N F O  A B S T R A C T 
Article History :  
Article entry : 26-08-2021 
Article revised : 17-09-2021 
Article received : 15-10-2021 
Replacing the main material using unused materials such as 
hazardous waste can be utilized in concrete innovation. One of 
the hazardous wastes that can utilize the waste generated from the 
acetylene welding process. The waste has hardening properties 
when exposed to water. Its properties are almost the same as 
cement can replace or add part of the cement mixture. Conducted 
this research was to determine the effect of using carbide waste 
from the acetylene welding process on the flexural strength of 
concrete. The experimental method is carried out by making test 
objects in the laboratory. The proportions of waste added were 
7%, 10%, and 12% by weight of cement. The test object used is 
in the form of a beam with dimensions of 60 cm x 15 cm x 15 cm. 
The planned initial quality is concrete F'c 14.5 MPa (K175). The 
flexural strength test was carried out at the age of 27 days of 
concrete. From the results of the research carried out, it is found 
that the use of carbide waste from the acetylene welding process 
has not been able to improve the quality of concrete significantly. 
The highest flexural strength was obtained from waste at 7%, with 
a flexural strength value of 9.692 Mpa. So from these results, it 
can be used as a reference in the utilization of carbide waste from 
the acetylene welding process. 
 
Keywords : 
Acetylene Welding Carbide 
Waste, Concrete, Flexural 
Strength, Hazardous Waste. 
 
 
IEEE Style in citing this article : 
[21]     W. Tjaronge, A. M. 
Akkas, and A. S. Ulvah, 
“Experimental study of 
concrete compressive 
strength using lightweight 
concrete debris waste as a 
substitute for coarse 
aggregate,” Int. J. Innov. 





Concrete is a material obtained from mixing fine AggregateAggregate (sand), coarse 
aggregate (coral/crushed stone), cement and water [1]. The use of concrete is a very dominant 
construction material. Concrete has advantages in manufacturing and ease of shape according 
to the desired structure, such as high-rise building work, roads, da, ms, and so on [2]. Following  
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the development of the industrial revolution 5.0 the manufacture of concrete is very varied. It 
undergoes modifications from fly ash material, silica fume, sandblasting or waste, as a 
substitute for cement or AggregateAggregate.  
Concrete work requires high accuracy. The use of the dominant concrete constituent 
materials derived from natural materials will make the material run out. Moreover, The 
monolithic nature of concrete cannot blend with old concrete and has a weak tensile strength 
be a weakness of concrete that needs to be considered. Concrete itself can be tested for several 
tests, namely compressive strength and flexural strength [3]. The flexural strength of concrete 
is the ability or property of the concrete beam tested on two supports to withstand the force 
perpendicular to the axis of the test object, which is given by the concrete block until the test 
object breaks [4]. The flexural strength of concrete is expressed in Mega Pascal (MPa) force 
per unit area. Although the concrete can accept the load force well, its strength when it receives 
the tensile force is quite low. The concrete can also experience cracks such as hair strands and 
structural cracks due to drastic temperature changes in a relatively short time. Due to the nature 
of the concrete that can bear a large compressive load, the concrete will be very vulnerable with 
minimum tensile forces. It must calculate the work in the manufacture in detail and precisely. 
There is a need for something innovative so that good quality concrete can accept vertical or 
horizontal loads. Horizontally well or perfectly [5][2]. 
Must develop alternative use of concrete building materials so that concrete, natural 
materials are not exhausted due to the use of concrete. As an alternative, it can be done to 
improve the quality of concrete. One of them is utilizing hazardous waste generated from the 
welding process that produces carbide residue or sludge from acetylene welding. The waste 
itself, which has properties resembling cement which can harden when exposed to water, allows 
it to be used as an alternative to cement in concrete mixtures [2][6].  
Based on several studies that have been carried out, using B3 waste carbide dregs, a 
mixture of 5% is obtained; 10%;15%; and 20% is 16.32 MPa; 17.81 MPa; 18.89 MPa; and 
15.24 MPa can increase the compressive strength. Thus, we can say that carbide dregs affect 
the quality of concrete in terms of compressive strength[7][8]. However, there has been no 
research that describes carbide dregs waste on the flexural strength of concrete, so there is a 
need for in-depth research on the use of carbide dregs B3 waste which is reviewed on the 
flexural strength of concrete.  
I conducted this research to know the effect of using hazardous waste from acetylene 
welding on the flexural strength of concrete, with mixed variations of 7%, 10%, and 12% of B3  
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waste that replaces Portland cement. So, it can know whether can use hazardous waste 
generated from the acetylene welding process to improve the quality of concrete in terms of 
bending strength. 
2. Research Method 
The research was carried out using an experimental method with the manufacture of 
test objects in the laboratory. Research refers to SNI and ASTM standards [9][6]. The test object 
in this study used a beam with dimensions of 60 cm x 15 cm x 15 cm. The mix design used was 
the quality of concrete F’c 14,5 MPa (K175)  
2.1 Material Research  
The materials used consist of fine AggregateAggregate, coarse AggregateAggregate, 
hazardous waste from acetylene welding, cement, and water with the following description: 
1) Fine Aggregate  
Fine AggregateAggregate for concrete is natural sand resulting from the natural 
disintegration of rocks. This AggregateAggregate measures 0.063 mm — 4.76 mm, which 
includes coarse sand and fine sand, In the concrete mixture, AggregateAggregate is a 
strengthening and filler material. 
2) Coarse Aggregate 
Coarse AggregateAggregate as a result of natural disintegration of rock or in the form of 
crushed stone obtained from the stone crushing industry, with grains measuring between 
4.76 mm - 150 mm, Coarse AggregateAggregate must consist of hard and non-porous 
grains. Coarse AggregateAggregate with flat grains can only be used if the number of flat 
grains does not exceed 20% of the total weight of the AggregateAggregate, Coarse 
AggregateAggregate must not contain more than 1% silt in its dry weight. If it exceeds 
must be washed, the coarse AggregateAggregate must pass a hardness test with a Rudeloff 
test vessel with a test load of 20 tons, The fineness number for Coarse Aggregate is between 
6–7.5. 
3) Hazardous waste  
Hazardous Carbide waste is the result of a welding process that utilizes carbide gas 
(acetylene gas = C2H2) as welding fuel[10][11][12]. The use of carbide mixed with water 
can cause a chemical reaction that becomes gas and a welding process occurs which is used 
to connect one iron to another due to the chemical reaction process mixes carbide and water 
there is hazardous waste in the form of fine dregs from acyethylene gas[10][6]. 
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Source    : Laboratory Research Results, 2021 
Figure 1.    Acetylene Welding Generator 
4) Hydraulic binder with cement composition : 
a. 7 % Acetylene welding carbide waste and 93 % cement 
b. 10 % Acetylene welding carbide waste and 90 % cement 
c. 12 % Acetylene welding carbide waste and 88 % cement 
  
2.2 Materials Testing 
Testing of concrete stacking materials is carried out so that the materials used meet the 
standards and meet the requirements as concrete stacking materials. 
1) Cement Testing 
Testing of cement material is carried out using two tests, namely as follows : 
a. Portland cement normal consistency test 
The normal consistency of cement is greatly influenced by the amount of water used by 
the cement. Normal consistency is achieved when the vikat needle can penetrate the 
paste 10 ± 1 within 30 seconds of being released[13][14]. 
b. Cement bonding and hardening time test 
Bonding Time Cement after mixing with water will experience binding, and after 
binding then hardens. The duration of binding is highly dependent on the composition 
of the compounds in the cement and the temperature of the surrounding air. There are 2 
(two) kinds of binding time on cement paste, namely the initial setting time and the final 
setting time. Testing the binding and hardening time of cement[13][14]. 
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Source    : Laboratory Research Results, 2021 
Figure 2.     Vicat tool  
2) Hazardous Waste Material Testing 
The testing of the carbide waste material is carried out by testing filter analysis, grading 
distribution of hazardous waste and testing the bonding time and hardening of cement 
with hazardous waste substitutes[6][7][10]. 
 
Source    : Laboratory Research Results, 2021 
Figure 3.     Hazardous Waste Ash from Carbide Dregs Passing 200 (0.075mm) sieve. 
 
2.3 Fresh Concrete Testing 
Fresh concrete testing is a slump test carried out 3 times and the average is taken for 
each sample with a planned slump value of 12 ± 2 cm, the percentage of research to know the 
viscosity properties of fresh concrete[15]. 
 
2.4 Flexural Strength 
Hard concrete testing in this study was carried out using concrete blocks with 
dimensions of 60 cm x 15 cm x 15 cm [15], Flexural strength is the property of a concrete beam  
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That is placed on two supports and withstands the force in a direction perpendicular to the axis 
of the test object given to the concrete beam[16][17][18], until the test object breaks and is 
expressed in Mega Pascal (MPa) force per unit area. The loading point of the concrete flexural 
strength test is a point (one or two points depending on the loading system used) with a certain 
distance as a concrete footing to be given the load. Based on SNI[7][19], there are 2 methods 
of flexural strength test in its implementation, namely Two-point loading system [20] and 
Single point loading system [8] The test object used must meet the provisions on the method of 
making and maintaining concrete test objects in the laboratory[21][16].  
  
Source    : Laboratory Research Results, 2021 
Figure 4.    Loading System Type 
There are several formulas used in calculating the flexural strength of a beam[22][23], 
which are as follows : 
1) The fracture of the test object is at 1/3 the distance from the point of placement on the tensile 






2) If as a result of the test specimen fractures outside the center (outside 1/3 of the distance 
from the point of placement) in the tensile section of the concrete, and the distance between 
the fracture point and the center of the load) is less than 5% of the distance from the point of 
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the following description : 
4.1 Mix Design 
Concrete mix design is a mixture of concrete material compositions that have been 
determined with a design quality value, in this study using a F'c 14.5 MPa (K175) quality mix 
design. The following is a mixture of concrete compositions that use carbide waste as a 
substitute for cement: 
Table 1.     Mix Design 
Material Unit 0% 7% 10% 12% 
Portland Cement kg 326 12.279 11.883 11.619 
Fine Aggregate kg 760 760 760 760 
Coarse Aggregate kg 1029 1029 1029 1029 
Water kg 215 215 215 215 
carbide dregs kg - 0.924 1.320 1.584 
Source    : Laboratory Research Results, 2021 
In the table above, the proportions of each concrete constituent material requirement 
for variations in the use of carbide waste are 0%, 7%, 10% and 12%. 
 
4.2 Materials Testing 
The material testing results outlined include cement testing and carbide waste testing 
with the following description: 
1) Cement Testing  
Three tests of Portland cement material were carried out 3 tests, namely, testing of 
normal cement consistency, binding time, and cement hardening. The following are the results 
of laboratory tests that have been carried out following SNI-15-0129-2004 : 
Table 2.     Normal Consistency of Portland Cement 
Trial Number 1 2 3 
Cement Weight (W1) 250 gram 250 gram 250 gram 
Water Weight (W2) 70 cc 80 cc 90 cc 





28% 32% 36% 
Source    : Laboratory Research Results, 2021 
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The normal cement consistency test was carried out 3 times, namely with a cement 




Source    : Laboratory Research Results, 2021 
Figure 5.    Vicat Needle Penetration Consistency 
From the results of the normal consistency test of cement referring to Table 2 and 
Figure 5, the wetness of the cement paste is 28% with a water weight of 70cc. Following ASTM 
C-187-86 Normal Consistency of Hydraulic Cement, the consistency of cement is 26% - 29%. 
Testing of cement binding and hardening time was carried out in the initial 45 minutes with a 
penetration of 42.86 mm and ended at 0 mm penetration at 195 minutes. 
 
Source    : Laboratory Research Results, 2021 
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Referring to Figure 6. In testing the bonding time and hardening of cement, obtained 
the results at 195 minutes. The penetration of the vicat needle was 0 mm. The cement binding 
time occurred at 90-105 minutes reaching into the vicat needle 25mm. 
2) Hazardous waste testing 
Waste testing is carried out by testing sieve analysis and cement binding time with the 
results of laboratory tests as follows : 
Table 3.     Analysis of Hazardous Waste Filter 
Sieve Left behind in the Sieve 
% Cumulative Hold 
Number Mm Gram % 
4 4,76 0 0 0 
8 2,38 0 0 0 
30 0,59 0 0 0 
50 0,297 443 44 44 
100 0,149 316 32 76 
200 0,0745 174 17 94 
Pan 0 64 6 100 
total 997 100 370,5 
Source   : Laboratory Research Results, 2021 
In table 3, the filter analysis results on hazardous waste dregs are obtained and the 
material used in this study is hazardous waste ash which passed the 200 filters. 
Table 4.    Testing of Cement Paste plus hazardous waste 
Number Dropping Time Penetration ( mm ) (Minute) 7% 10% 12% 
1 45 42 42 43 
2 60 37 40 40 
3 75 35 38 38 
4 90 28 33 36 
5 105 24 29 31 
6 120 19 24 28 
7 135 14 19 22 
8 150 9 14 17 
9 165 7 9 10 
10 180 3 5 5 
11 195 1 2 3 
12 210 0 0 1 
13 225 - - 0 
Source   : Laboratory Research Results, 2021 
The results of testing the binding and hardening time of cement added with hazardous 
waste  carbide dregs obtained results in the initial 45 minutes the percentage of 7% penetration  
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42mm, 10% penetration 42mm and 12% penetration 43mm and hardening time at a percentage 
of 7% at 210 minutes, percentage 10 % min 210 and the percentage of 12% mixture at minute 
225 decreased 0 mm. 
 
Source    : Laboratory Research Results, 2021  
Figure 7.    Testing of Cement Paste plus hazardous waste 
From the laboratory tests results, the bonding and hardening time of cement that have 
been replaced by B3 waste are according to the percentage of 7% of hardening time of 210 
minutes, 10% of hardening time of 210 minutes and 12% of 225 minutes. 
 
4.3 Slump Test 
Slump testing is carried out to find out how the viscosity of fresh concrete is shown by 
slump testing. Based on the results of laboratory tests, the slump value of fresh concrete is 
obtained as follows : 
 
Source    : Laboratory Research Results, 2021 
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Source    : Laboratory Research Results, 2021 
Figure 9.    Results of Slump Value Using Hazardous Waste 
From the results of the slump tests carried out, the results of slump percentage are 7% 
12.3 cm, the percentage is 10% 12.8 cm and 12% 16cm ,this shows that the slump value is in 
accordance with the plan. 
 
4.4 Flexural Strength Test Results 
Based on the results of testing the flexural strength of concrete with reference to SNI 
03 -1947-1990 the procedure for testing the flexural strength of concrete is carried out on each 
variation with the loading being at 1/3 middle span, with the results of research on the flexural 
strength of concrete as follows : 
Table 5.     Flexural Strength variation 7% 
Test Item Number 1 2 3 
Volume Weight (kg/m³) 2281,48 2274,07 2277,78 
Maximum Load (N) 196133 171616 191230 
Cross Section Distance = a (mm) 210 195 220 
Cross View Width = b (mm) 175 150 160 
Latitude Visible Height = h (mm) 160 165 150 
Test Bending Strength (MPa) 9,194 8,195 11,686 
Average Flexural Strength (MPa) 9,692 
Source   : Laboratory Research Results, 2021 
Table 5 tested the results of testing concrete blocks with a percentage of 7% as many 
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Table 6. Flexural Strength variation 10% 
Test Item Number 1 2 3 
Volume Weight (kg/m³) 2325,93 2385,19 2451,85 
Maximum Load (N) 171616,4 142196,4 156906,4 
Cross Section Distance = a (mm) 230 240 240 
Cross View Width = b (mm) 170 175 155 
Latitude Visible Height = h (mm) 160 160 160 
Test Bending Strength (MPa) 9,07 7,618 9,49 
Average Flexural Strength (MPa) 8,726 
Source   : Laboratory Research Results, 2021 
Table 6 tested the results of testing concrete blocks with a percentage of 10% as many 
as 3 test objects obtained an average flexural strength of 8.726 Mpa. 
Table 7. Flexural Strength variation 12% 
Test Item Number 1 2 3 
Volume Weight (kg/m³) 2272,59 2380 2316,3 
Maximum Load (N) 132389,8 137293,1 152003,1 
Cross Section Distance = a (mm) 215 210 235 
Cross View Width = b (mm) 160 155 155 
Latitude Visible Height = h (mm) 175 160 170 
Test Bending Strength (MPa) 5,809 7,266 7,974 
Average Flexural Strength (MPa) 7,016 
Source   : Laboratory Research Results, 2021 
Table 7 tested the results of testing concrete blocks with a percentage of 12% as many 
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Source    : Laboratory Research Results, 2021 
Picture  10.     Flexural Strength Test Results Using Hazardous Waste 
From the results of testing the flexural strength of concrete with a percentage of 7%, 
10% and 12% the use of B3 waste carbide dregs as a substitute for cement obtained an average 
value of the best flexural strength of 9.692 Mpa at a percentage of 7% and the increasing 
percentage of the use of B3 waste carbide dregs also decreases. flexural strength of the concrete 
beam test object. 
 
5. Conclusion  
The conclusion from the results of the study of adding hazardous waste to the concrete 
block test object is as follows : 
1. The more additions of hazardous waste the less the value of the flexural strength of the 
concrete beams shown in the mixture, the percentage of 12% of hazardous waste has an 
average value of 7.016 Mpa. 
2. The best mixture in the study of adding hazardous waste obtained a flexural strength value 
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